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In trod uction 

This Energy Commission staff draft report presents preliminary levelized cost estimates for 
several generic central-station electricity generation technologies. This is the first of a 
number of draft reports that the Energy Commission staff are preparing, under the direction 
of the Ad Hoc Integrated Energy Policy Report Committee, to support the development of 
the 2003 Integrated Energy Policy Report. 

The Ad Hoc Integrated Energy Policy Report Committee will conduct a workshop on 
February 25-26,2003, to receive public comments on this and several other staff draft 
reports. The public comments will be instrumental towards improving the Commission staff 
analysis for evaluating California's energy reliability concerns. 

The Energy Commission staff would like to acknowledge the work of several consultants in 
putting together the information for this project. Dr. Richard McCann, along with Ron Ishii, 
Ed Miller, Peter Asmus, Larry Slomiski, John Kessler, and L. Knox provided the data the 
Energy Commission staff used in this report. In addition to providing data, Dr. McCann 
provided the financial models used in this analysis. 

Overview 

California has traditionally adopted energy policies that balance the goals of supporting 
economic development, improving environmental quality and promoting resource diversity. 
In order to be effective, such policies must be based on comprehensive and timely gathering 
of information. With this goal in mind, the purpose of the report is to provide comparative 
levelized cost estimates for a set of renewable (e.g., solar) and nonrenewable (e.g., natural 
gas-fired) central-station electricity generation resources, based on each technology's 
operation and capital cost. Decision-makers and others can use this information to compare 
the generic costs to build a specific technology. These costs are not site specific. If a 
developer builds a specific power plant at a specific location, the cost of siting that plant at 
that specific location must be considered. The Energy Commission staff also identifies the 
type of fuel used by each technology and a description of the manner in which the technology 
operates in the generation system. 

The target audiences of this report are both policy-makers and anyone wishing to understand 
some of the fundamental attributes that are generally considered when evaluating the cost of 
building and operating different electricity generation technology resources. These costs do 
not reflect the total costs to consumers of adding these technologies to a resource portfolio. 
These technology characterizations do not capture all of the system, environmental or other 
relevant attributes that would typically be needed by a portfolio manager to conduct a 
comprehensive "comparative value analysis." A portfolio analysis will vary depending on the 
particular criteria and measurement goals of each study. For example, some form of firm 
capacity are typically needed with wind generation to support system reliability 
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requirements. Some projects may also require radial transmission additions, fuel delivery, 
system upgrades or environmental mitigation expenses. 

Corn parat ive Technology Costs 

Table 1 shows the results of the comparative cost analysis for the various technologies. 
Expected levelized costs, constant annual payments made over the life of the plants, are 
shown to provide a common basis of measurement. To the extent possible, this evaluation 
relies on general economic and electricity system assumptions. Details about assumptions 
specific to each technology are included in the individual technology characterizations in the 
attached Appendices. These costs are for generalized project descriptions, and costs for 
actual projects will vary from those shown below, depending on a number of possible site 
specific considerations. These estimates should be used only for general comparison 
purposes among technologies. They are not intended to be the sole criterion used in 
investment decisions. 

Table I 
Comparative Technology Costs 
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The costs for representative natural gas-fired combined cycle and simple cycle combustion 
turbines are shown to provide a baseline for comparing costs across different categories of 
resources. The gas-fired plant costs are derived from Energy Commission staff analyses. The 
expected levelized cost for a new baseload combined cycle plant is 4.58 cents per kWh. 
Energy Commission staff estimates show that a combustion turbine, with an in-service year 
of 2003 and used for peaking service with a 10 percent capacity factor, can be expected to 
deliver power at a cost of 14.06 cents per kWh. 

The costs for various renewable technologies are also listed above in Table 1. Geothermal 
flash technology is the least expensive at 4.71 cents per kWh, with wind next at 5.44 cents 
per kWh. Both supply baseload power, but capacity support will be needed to firm up wind 
generation. Hydropower is projected to provide load-following power at 7.20 cents per kWh. 
Geothermal binary plants have an expected cost of 7.64 cents per kWh. Central Station fuel 
cell costs are expected to range from 9.10 to 20.89 cents per kWh. Solar thermal technology 
costs range from 14.99 to 22.79 cents per kWh. 

In considering these figures, it is important to note the relationship between the expected 
economic (or “book”) life of a project and levelized cost. In this report, the standard loan 
period is 12 years. For project finance, this means that initial project cost is allocated during 
years one through twelve of the project, with the only capital cost after that point being the 
return to equity. Therefore, (discounted) annual costs for years thirteen and beyond will be 
much smaller than the previous years. In the case of a highly capital intensive project, such as 
hydro, this greatly reduces the required return on the project for these years. The longer the 
project lasts, the more “low cost” years there are relative to the first twelve “high cost” years, 
which lowers the levelized cost of the project. Thus, while the levelized cost for hydro looks 
quite high, if the project produces electricity for more than thirty years, its levelized cost will 
be quite lower. Conversely, while the levelized cost for wind looks low, if the project does 
not produce power for the 30-year assumed economic life, the levelized cost would be much 
higher. 

A technological advancement also plays an important role in determining the actual life of 
project. For a mature technology, such as hydroelectric generation, generation efficiency has 
not significantly changed over time. As a result, a project built in 2003 may not be much 
more eficient than one built in 1983. The same cannot be said for an emerging technology, 
such as fuel cells. In this case, technology can change rapidly and at an unpredictable pace. 
State of the art products may quickly become obsolete. In these cases, technological 
advances might induce developers to abandon the projects far short of the hypothesized 20-or 
30-year economic lives. Of course, re-computing book lives over shorter time horizons will 
increase the ratio of high-cost to low-cost years, increasing levelized costs. Conversely, 
mature technologies such as gas-fired generation and hydroelectric projects tend to have 
longer lives. 
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Applicability 

In considering a technology's qualities, the analyst must recognize the operational mode in 
which it hnctions. Different generation operational modes will range from a baseload, an 
intermediate or a peaking type of facility. A baseload facility generally delivers power at a 
constant rate whenever the plant is available. A facility may also be used to piovide spinning 
reserve to deliver power during intermittent emergencies on extremely short notice. In 
between these modes of operation are intermediateAoad-following facilities, where a plant 
follows the daily cycles in load demand. A peaking facility is called upon only during the 
highest daily loads during the seasonal peaks. Some facilities may provide ancillary services, 
where a plant provides system support, such as voltage regulation. An intermittenthariable 
facility may deliver power whenever the driving resource, such as wind, is available. 

Comparing technologies on levelized cost alone not appropriate considering that different 
technologies provide different services. For example, wind is very competitive on the basis 
of cost per kWh, but it can only provide variable output. Other renewable resources, such as 
geothermal and fuel cells have much more predictable output that may be more valuable, 
although improvements have been made in wind resource predictability as reflected in recent 
changes in IS0 tariffs. 

While particular generation technologies may have higher or lower costs than others, 
ratepayers may not see those actual costs unless the power purchase contracts specify that 
prices are based directly on costs. Power may be sold under a range of contractual and 
market transaction terms that may have no relationship to the actual costs to produce that 
power from a specific plant. In fact, power contracts terms can be set entirely independent of 
the type of technology producing the power. 

The combination of the contract terms and the technology type establishes the sharing of 
risks between ratepayers and generation investors. For a gas-fired plant, when fuel costs rise, 
it is likely power market prices will also rise. These increases in fuel prices may possibly be 
passed through directly to ratepayers. On the other hand, if a gas-fired plant is paid at a fixed 
contract rate over a period of years, the generator is exposed to the fuel-cost risk, unless that 
generator also has signed a fixed-price contract for natural gas delivery. Generally, in 
exchange for this fixed-price contract, generators will charge a premium above the expected 
average cost for power in the short-term market for that power to compensate for the shift in 
risk from ratepayers to generators. 

For some renewables, the story is substantially different. If the renewable generator is paid 
based on the short-term market price, its revenues will vary with gas prices, even though its 
own costs remain relatively constant. In terms of a single project, ratepayers face virtually the 
same risk as they would with a gas-fired generator. However, ratepayers may face a smaller 
price risk when considering renewable projects as a whole. The more renewable projects that 
are present to improve fuel diversity, the less the price of electricity will likely move with 
changes in natural gas costs. Although renewable generators returns may fluctuate with the 
price of natural gas, a fixed-price contract tends to align the annual revenues with its minimal 
variation in costs, a more favorable outcome. In general, these types of contracts have similar 
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terms to those signed with gas-fired generators. Considering that renewable technologies 
also provide other system and environmental benefits that are not generally reflected in 
market prices, public interest programs can improve the economic incentives for new 
development. 

Risk-management strategies generally use some type of financial or contractual methods to 
reduce the variability of future costs. Without any risk management efforts, all parties are 
subjected to cost variations inherent in the marketplace. Risk management strategies used in 
energy markets include participating in forward markets, vertical and horizontal integration 
through market segments, long-term contracting, commodities hedging on the natural gas and 
electricity markets and, of course, diversification of he1 supplies, suppliers and technologies. 
In this sense, adoption of a renewable energy project may be viewed as part of a greater he1 
diversification strategy, and the State may deem higher cost renewable projects to be an 
acceptable investment to pay for natural-gas price risk mitigation. 

Methodology 

Costs associated with electric power facilities fall into three main categories. The first 
category is the initial investment costs necessary to plan, permit, construct, and start up a 
plant. These costs are typically financed through a combination of loans (“debt financing”) 
and investment ownership (“equity financing”). The costs are then repaid to lenders and 
investors over the life of the project. 

Debt financing usually has fairly rigid conditions related to the term of the loan, the required 
periodic payments and the security of repayment, much like a home mortgage. Equity 
financing is usually repaid from the residual revenues remaining after paying all other costs 
and, as a result, has a higher risk of not being fully repaid compared to debt financing. For 
purposes of cost comparisons, the assumption is made that these investments are recovered 
on a relatively constant annual basis without regard to the amount of generation output. This 
annual expenditure is then divided over the annual generation to derive the average cost per 
k W h  for the investment or “capital” component. 

For capital costs, common assumptions are used for debt financing such as interest rates, 
term and other requirements, and for expected investment return rates for equity financing. 
These assumptions are shown in Table 2. The debt interest rate assumptions are based on 
November, 2001 values when the market was stable. These assumptions cover three types of 
potential owners-merchant developers, investor-owned utilities, and municipal utilities and 
non-profit cooperatives. Capital costs specific to each technology are included in 
Appendices C through Q. ’ 

5 



Table 2 
Assumptions for Equity Return and Debt Interest Rates 

The second category is the annual operations and maintenance (O&M) costs that are 
relatively invariant with the amount of output, but would cease if plant operations ended. 
Operational costs include labor and management, insurance and other services, and certain 
types of consumables. Maintenance costs include scheduled overhauls and periodic upkeep. 
Unscheduled or “forced” outages that are a function of usage fall into the final category of 
costs described below. As with capital costs, these costs are summed and divided over the 
annual generation output to amve at the average cost per kWh. However, unlike capital 
costs that are relatively insensitive to operational mode, the mode of operation can greatly 
affect these types of costs. For example, intervals between overhauls may be extended if a 
plant shifts from intermediate to peaking operations. Less labor may be required for a plant 
that operates only during the seasonal peak period rather than in baseload. In addition, these 
costs typically escalate over time with inflation, compared to capital costs which are 
considered constant and fixed once the initial investment is made. Nevertheless, once the 
mode of operation is determined, the annual O&M costs will vary little and are highly 
predictable over time. 

The third category is the variable cosk that are derived from fuel consumption, maintenance 
expenditures for forced outages, and other input costs driven directly by hourly plant 
operations. For a natural gas-fired plant, the largest component of these costs is the 
consumption of natural gas. Fuel costs can represent two-thirds or more of total average 
costs. Fuel usage, by technology, is shown in Table 5 of Appendices C through Q. 
Renewable resources typically have quite low variable costs because fuel or other energy 
sources have low or no costs. 

Variable input costs, particularly fuel costs, change over time. They are often relatively 
unpredictable compared to other cost components. The Energy Commission’s 
December 2002 projection of the price of natural gas for the years 2003-20 13 is given in 
Table 1, Appendix A. After 2013, an average escalation factor of 5.60 percent is used. This 
is the value of the predicted increase in fuel cost from 20 12 to 20 13. Variable costs also 
change directly with plant output, and thus can vary substantially from year to year. 
However, they do not vary on an average cost basis. On the other hand, capital and O&M 
costs per k W h  are inversely related to plant output-higher output means lower average costs 
for these components, and vice versa. Assumptions concerning annual plant operation are 
given in Table 6 of Appendices C through Q. 

’ 
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Effects from federal and state tax policies are specified for each type of technology, as shown 
in Table 3. This table summarizes the various federal and state tax programs by technology 
and type of owner. 

Table 3 
Federal and State Tax Programs by Technology and Owner 

I I Merchant I IOU I Munilcoop I 

The federal corporate income tax rate is assumed to be 34 percent, and 8.84 percent for the 
California tax rate. The average property tax rate is 1.069 percent, and the average sales tax 
is 7.67 percent.' In addition, Table 7 of Appendices C through Q lists the renewable tax 
benefits applicable to each of the technologies. 

For operating and maintenance costs, common assumptions for salaries and associated 
benefits were developed, but most other costs are technology specific. Assumptions for each 
technology are shown in Tables 8 and 9 of Appendices C through Q. Based on the 
technological and financial data contained in this report, staff obtained cost summaries for 
each of the technologies studied. These summaries are given in Table 10 of Appendices C 
through Q. 

Elizabeth G. Hill, California's Tax System: A Primer (Sacramento, California: Legislative Analyst's Office, I 

State of California, January 2001). 
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Appendix A 
Natural Gas Price Forecast 

2008 
2009 
2010 
201 1 
201 2 
201 3 

Table A-1 
Energy Commission December 2002 
Natural Gas Price Forecast, 2003-201 3 

$4.50 
$4.72 
$4.97 
$5.25 
$5.54 
$5.83 

Price 
$4.55 
$4.10 
$3.94 

2006 $4.1 1 
I 2007 I $4.29 I 
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Appendix B 
Financial In for ma tion 

Debt Coverage Ratio - Average 
Loan/Debt Term (years) 

Table B-I 
Financial Parameters 

1.8 
12.0 

r Catenow I Capital Structure I Capital Cost I 
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Appendix C 

Technology Type 

Combined Cycle-Baseload 

Natural Gas 

Table C-I 
Plant Information 

Fuel Natural Gas 
lowner/lnvestor I Merchant1 

I 

Base Year 2002 
In-service Year 2004 
Utility Service Area PG&E 
,Air Quality Management District Bay Area 

Escalation in Capital Costs 
AFUDC Rate 
Cash Cost 

Table C-2 
Plant Size 

0.0% 
10.8% 
100.0% 

Table C-3 
Capital Costs 

Cost (%Near) 
Carry Over 

0 -1 -2 -3 -4 
75% 15% 10% 0% 0% . 
$530 $1 33 $52 $0 $0 

Table C-4 
Construction Costs . .  by Year 

Years Out from On-Line Date 
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Table C-5 
Fuel Use 

Table C-6 
Operational information 

Table C-7 
Renewable Tax Benefits 

Table C-8 
Operations & Maintenance Costs (Employees) 
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Table C-9 
Operations 8 Maintenance Costs (Other) 

1 

Fuel Costs ($/kW-yr) 261 

Variable Costs ($/kW-yr) 261 
Total Levelized Costs ($/kW-yr) 368 

Variable O&M ($/kW-yr) 0 

Capital ($/MWh) 13.33 
Variable ($/MWh) 32.51 
Total Levelized Costs ($/MWh) 45.84 

I 

Table C-10 
Cost Summary 
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Table C-11 
Capital Cost Detail 

Component Cost ($1 
TurbinelEngine ($) 
GeneratorlGearhead ($) 

- 

2 34,597,182 
234,597,182 
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Table C-12 
Maintenance Cost Detail 

Cost Category Parameter 
Routine Maintenance Costs 

Annual Cost ($) 

Filter Replacement Interval (hours) I Filter Price ($/unit) 0.a 
Oil Change Interval (hours) 1 
Oil Filter Price ($/unit) 0.00 O.O( 

Maior Overhauls I I 

Oil Price ($/ gallon) 
Oil Capacity (gallons)_ ___ - 

Oil Added (gallons/day) 
Fuel Filter Interval (hours) 
Fuel Filter Price ($/unit) 
Labor (hourdday) 
Labor mice ($/hour) 

_ 

3.40 

0.00 O.O( 
1,000 
0.00 O.O( 
0.00 
48.00 O.O( 

0 - ~ _ _ _  ._ - O.O( 
~ -__ 

. 

Total Annual Routine Maintenance 

c 

( 

Major Overhaul Parts Cost ($) 
NPV Cost ($) 

Minor Overhauls 
- . Annual ~. Cost Item 1 I$) ~ 

Annual Cost Item 2 ($) 
Time to Item 1 Job (hours) 

Time to Item 2 Job 

c-5 

12,000,000 6,295,36E 

0 - .. 

7,420 
0 
0 

Unscheduled Maintenance 
Forced Outage (hourdyear) 
Labor ~_ - Rate ($/hour)-- ____ 

Labor Time per event (hours) 
Parts Costs ($) 

- 

rota1 Annual Maintenance 
Maintenance ($/KW-yr) 
Maintenance ($/MWh) 

400 
- - ~ _ _ _ _ _ _  $48 

400 
374,400 
393,600 

6,688,96e 
13.38 
1.67 



Table (2-13 
Environmental Control Costs 

Total Annual Costs ($1 29,680 
..... .... ~~. 

C-6 



Appendix D 
Combustion Turbine 

Technology Type 

Table D-I 
Plant Information 

Natural Gas 
Fuel 

I Own e r/I nves to r I Merchant1 
Natural Gas 

Base Year 

I ,  

Cost (% Year) 
Carry Over 

Base Year 2002 
In-service Year 2004 

0 -1 -2 -3 -4 
75% 15% 10% 0% 0% 
$367 $92 $36 $0 $0 

/Utility Service Area PG&El 
/Air Quality Management District I Bay Areal 

Table D-2 
Plant Size 

Table D-3 
. Capital Costs . .  

Table 0-4 
Construction Costs by Year 

Years Out from On-Line Date 1 
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Table D-5 
Fuel Use 

Heat Rate (MM Btu/kWh) 
Fuel ConsurnptionlHour (MMBtulHr) 
Start up fuel use (MMBtdStart) 

9,300.0 
930.0 

10,000.0 _ _  
No. of annual starts 

Table D-6 
Operational Information 

0.0 

F c e d O u t a g e  Rate (YO) 0.5 
Hours per Year Operation (Hours) 
Capacity Factor (YO) 9 
Annual Net Energy (GWh) 79 

793 

Table 0-7 
Renewable Tax Benefits 

Full Time 
Employees Employees 

[ G s t T a x c r e i ( T )  ) ( ~ 1 1 RETC Calculation $/kWh 
Production Incentive-Investor 
Geothermal De letion Allowance 
REP1 Tier I1 Pro ortion Paid YO 10 

Compensation Per 
Employee HoursNear 

Table D-8 
Operations & Maintenance Costs (Employees) 

(Plant nn0ratq-S 

Mechanics 
La borers 
Support Staff 

1 1,800 $80,000 per year 
4 1,800 $30 per hour 
1 1,800 $30 per hour 
1 1,800 $20 per hour 
I 1,800 $20 per hour 
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Fixed O&M ($/kW-Yr) 
Fixed O&M/lnstant Cost (YO) 
O&M Escalation (%) 
Insurance (%) 
Labor Escalation Cost (%) 
Overhead Multiplier 
Other Operating Costs 

Make-uD Water 6) 
I Reservoir manaaement ($) I I 

13.0 
3.69 
0.5 
1.5 
0.5 
1.6 

Plant Scheduling Costs I 
Transmission Service ($) 

~ 

Fuel Costs ($/kW-yr) 35 
Variable O&M ($/kW-yr) 0 
,Variable Costs ($/kW-yr) 35 
Total Levelized Costs ($/kW-yr) 111 

CaDital WMWh) 96.10 

Table D-IO 
Cost Summary 

Variable ($/MW h) 
Total Levelized Costs ($/MWh) 

44.47 
140.56 

Capital Costs ($/kW) 
Instant Cost ($/kW) 
Installed Cost WkW) 

~ 

361 
396 

[In-service Cost in 2004 ($/kW) I 412 
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Table D-11 
Capital Cost Detail 

Total Land Prep Costs ($) 
'errnitting Costs ($) 

Local building Permits ($) 
Environmental Permits ($) 
Air Emission Permits ($) 

nterconnection Costs ($) 
~ TransmlssEn-Lines_($l- ~ 

. .  

7,353 
0 

0 
0 

~ - - -  - 

Substation ($) . 
Induction Equipment ($) 

fnvironrnental Controls ($) 5,000,000, 
Installation Costs ($) 5,000,000 
Replacement Costs ($) 
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Table D-12 
Maintenance Cost Detail 

Cost Category 
Routine Maintenance Costs 

Filter Replacement-Interval (hours) 
Filter Price ($/unit) 
Oil Change Interval (hours) 
Oil Filter Price ($/unit) 

Oil Capacity (gallons) 
Oil Added (gallons/day) 
Fuel Filter Interval (hours) 
Fuel Filter Price ($/unit) 
Labor (hourdday) 
Labor mice ($/hour) 

Oil Price ($/ gallon) 

Parameter Annual cost ($) 

- ~- 1 

1 
0.00 O.O( 
3.40 

O.O( 0 

1,000 
0.00 O.O( 
0.00 
48.00 O.O( 

0.00 - 0.oc 

. -  

0.00 0.a 

Total Annual Routine Maintenance 

IMaior Overhauls I I 

( 

Time to Major Overhaul (hours) 
Major Overhaul Labor (man-hours) 

14,8391 
1,2501 

Annualized Overhauls I 

Labor Cost ($/hour) 
Major Overhaul Labor Cost ($) 
Major Overhaul Parts Cost ($) 
NPV Cost ($) 

Minor Overhauls 
Annual Cost Item 1 $) 

Annual Cost Item 2 ($) 

~ ~ ~ - ... . .... ~. ~ ~~~ ~~~~ ~.~ ~ _.__. 

Time to Item 1 Job (hours) 

Time to Item 2 Job 

48.00 
60,000 

10,333,333 173,05E 

0 
7,134 

0 
0 

. ~ ~ ~~~~ ~~ ~ ~ ~~ 

U nsc hed u led Maintenance 
Forced Outage (hourslyear) 44 1 

D-5 

. LaborRate($/h!!IL ~~~ ~ ~~~~~ 

Labor Time per Event (hours) 
Parts Costs ($) 
Total Cost 

~- 48 ~ 

08 
450,000 
454,205 

Total Annual Maintenance 
Maintenance ($/KW-yr) 
Maintenance WMWh) 

627,264 
6.27 
7.91 



Table D-13 
Environmental Control Costs  
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Fuel 

Gross Capacity (MW) 
Parasitic Load (MW) 

Cell - CT Hybrid 

25.0 
0.0 

Table E-1 
Plant information 

Net Capacity (MW) 

Natural Gas 
Natural Gas 

Owner/lnvestor Merchant 
Base Year 

25.0 

Iln-service Year 12004 I 

Derate Factor (%) 

Table E-2 
Plant Size 

100.0 
Firm Capacity (MW) 
Transmission Losses (%) 
Required AWreserves (%) 

Annual capacity degradation rate (YO) 

Average Hourly Output Rate (%) 
Effective Load Carry Capacity (MW) 

25.0 
0.0 
0.0 

100.0 
25.0 
0.0 

0 

Table E-3 
Capital Costs 

-1 -2 I -3 I -4 - - - 
.Cost (%Near) 100% 0% 0% 0% 0% 
-Carry Over $1,510 $0 $0 $0 $0 
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Table E-5 
Fuel Use 

~ 

Invest Tax Credit (YO) 0 
RETC Calculation ($/kWh) 0 

Production Incentive-Investor (q!/kWh) 0 
REPI Tier II Proportion Paid (YO) 10 

Table E-6 
Operational Information 

Table E-7 
Renewable Tax Benefits 

Table E-8 
Operations & Maintenance Costs (Employees) 

Employee Category 
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Table E-9 
Operations & Maintenance Costs (Other) 

Fixed O&M ($/kW-yr) 
Fixed O&M/lnstant Cost (YO) 
O&M Escalation (%) 

120.0 
7.95 
0.5 

Insurance (YO) 1.5 

Table E-IO 
Cost Summary 

Labor Escalation Cost (%) 0.5 

IFixed Costs f$/kW-vr) I 394.00 I 

Overhead Multiplier 
Other Operating Costs 

Make-up Water ($) 
Reservoir management ($) 

Transmission Service ($) 
Plant Scheduling Costs 

1.6 

Financing Costs ($/kW-yr) 
Fixed Operational Costs ($/kW-yr) 
Tax f w/Cred its) f$/kW-vr) 

Capital Costs 
Instant Cost WkW) I 1,510.00 

204.00 
178.00 

12.00 

Fuel Costs ($/kW-yr) 
Variable O&M ($/kW-yr) 
Variable Costs ($/kW-yr) 
Total Levelized Costs ($/kW-yr) 

E-3 

274.00 
49.00 
323.00 
71 7.00 

Capital ($/MWh) 
Variable ($/MWh) 
Total Levelized Costs WMWhl 

49.98 
41 .OO 
90.98 

Installed Cost ($/kW) 
In-service Cost in 2004 ($/kW) 

1,626.00 
1,691 .OO 



Component Cost ($) 
Turbine/Engine ($) 
GeneratorlGearhead ($) 
BoilerlHRSG ($) 
Fuel ~- PipelinelTank ($) 

37,500,000 
37,500,000 



Table E-I2 
Maintenance Cost Detail 

Fuel Filter Interval (hours) 
Fuel Filter Price ($/unit) 
Labor (hourdday) 
Labor Price ($/hour) 

1,000 
0.00 0.00 
0.00 

48.00 0.00 

Total Annual Routine Maintenance 0 
I 1 

Unscheduled Maintenance 
Forced Outage (hours/year) 
Labor Rate ($/hour) 
Labor Time per event (hours) 

Total Cost 
Parts Costs ($) 

438 
48 

438 
0 

21,024 
- 

Total Annual Maintenance 3,000,368 
Maintenance ($/kW-yr) 120.01 
Maintenance ($/MWh) 15.22 

E-5 



Table E-I3 
Environmental Control Costs 

Total Annual Costs ($) 0 

E-6 



Appendix F 
Fuel Ce// = Molten Carbonate 

Technology Type 
Fuel 

Table F-1 
Plant Information 

Natural Gas 
Natural Gas 

Owner/lnvestor Merchant 
Base Year 2002 
,In-service Year 2004 

Gross Capacity (MW) 
Parasitic Load (MW) 

Table F-2 
Plant Size 

25.0 
0.0 

Net Capacity(MW) 
Derate Factor (%) 
Firm Capacity (MW) 
Transmission Losses (%) 

25.0 
100.0 
25.0 
0.0 

I Reauired AWresewes (Yo) I 0.0 I 
Average Hourly Output Rate (YO) 

Annual capacity degradation rate (%) 
Effective Load Carry Capacity (MW) 

100.0 
25.0 

0.0 

Table F-3 
Capital Costs 

Escalation in Capital Costs 
AFUDC Rate 
Cash Cost 

0.0% 
10.8% 

100.0% 

Table F-4 
Construction Costs by Year 

Cost (%Near) 
Carry Over 

Years Out from On-Line Date 
0 -1 -2 -3 -4 

100 0 0 0 0 
$1,509 $0 $0 $0 $0 



Table F-5 
Fuel Use 

Heat Rate (Btu/kWh) 
Fuel Consumption/Hour (MMBtu/Hr) 
Start up fuel use (MMBtulStart) 

7,511 
187.8 

0 
n 

Managers 
Plant Operators 
Mechanics 
Laborers 
Support Staff 

Table F-6 
Operational Information 

0 1,800 $80,000 per year 
0 1,800 $30 per hour 
0 1,800 $30 per hour 
0 1,800 $20 per hour 
0 1,800 $20 per hour 

. Table F-7 
Renewable Tax Benefits 

Table F-8 
Operations & Maintenance Costs (Employees) 

F-2 



Table F-9 
Operations & Maintenance Costs (Other) 

/kWh-yr) 
on (%) 

/Insurance (%) 

120.0 
0.5 
1.5 

Labor Escalation Cost (%) ~ - 0.5 
Overhead Multiplier 1.6 
-Other Operating Costs 

Make-uD Water 6) 
Reservoir management ($) 

Plant Scheduling Costs 

~ 

Financing Costs ($/kW-yr) 
Fixed Operational Costs ($/kW-yr) 

Fixed Costs NkW-vr) 
Tax (w/Credits) ($/kW-yr) 

1 Transmission Service ($) 1 

~~~~ 

204 
178 
12 

394 

Table F-IO 
Cost Summary 

Fuel Costs ($/kW-yr) 

Variable Costs ($/kW-yr) 
Total Levelized Costs ($/kW-yr) 

Variable O&M ($/kW-yr) 
31 8 
49 

367 
761 

Capital Costs 
Instant Cost ($/kW) 1.509 
Installed Cost($/kW) 1,624 
In-service Cost in 2004 ($/kW) 1,690 

F-3 



Table F-11 
Capital Cost Detail 

Environmental Controls ($) 
Installation Costs ($) 
Replacement Costs ($) 

[Total Capital Cost ($1 37,718,090 
I 

0 
0 

F-4 



Table F-12 
Maintenance Cost Detail 

Total Annual Maintenance 

Maintenance W M  W h 
Maintenance ($/KW-yr) 

, 
3,000,368 

120.01 
15.22 

Annual cost 
($/year) Cost Category I Parameter 

F-5 



Table F-13 
Environmental Control Costs 

Installation Cost ($/kW) 

Total Annual Costs ($) 29,680 
I 

20 
Annual Labor (hourdyear) 100 
Loaded Labor Rate ($) 
Labor Cost ($) 
Annual Consumables ($) 
Replacement Cost ($/kW) 
Component Life (hours) 
Annualized Cost ($) 

Solid Waste Disposal 
_ _ _ ~  _ .  ~. - - __ -~ 

Non-hazardous Material 

F-6 

48 
4,800 

10,000 
20 

141,760 

--- - 

~ Tons per Year 
Collection and Hauling ($/ton) 
Landfill T$ping Fees ($/ton) _ 

Total Costs ($) 
Hazardous Materials 

_ _ _  - _ _._ 

Tons per Year 
Collection and Hauling ($/ton) ___ _ _ _ _ _  _ _ _ ~  - ___ - - 
Landfill Tipping Fees ($/ton) 
Total DisDosal Costs ($) 

1 
10 
30 
40 

- 
I 

10 
30 
40 

_______ 



Appendix G 
Fuel Cell - Phosphoric Acid 

Technology Type 
Fuel 
Owner/lnvestor 
Base Year 
In-service Year 

Table G-1 
Plant Information 

Natural Gas 
Natural Gas 

Merchant 
2002 
2003 

~ 

Gross Capacity (MW) 
Parasitic Load (MW) 
Net Capacity (MW) 
Derate Factor (%) 
Firm Capacity (MW) 
Transmission Losses f % )  

Table G-2 
Plant Size 

25.0 
0.0 

25.0 
100.0 
25.0 
0.0 

Required Asheserves (YO) 
Average Hourly Output Rate (%) 

Annual capacity degradation rate (%) 
Effective Load Carry Capacity (MW) 

0.0 
100.0 
25.0 
0.0 

Table G-3 
Capital Costs 

Escalation in Capital Costs 0.0% 
AFUDC Rate 10.8% 
Cash Cost 100.0% . 

0 

Table G-4 
Construction Costs by Year 

-1 -2 I -3 I -4 
Cost (%Near) 
Carry Over 

100- 0 0 .  0 0 
$4,520 $0 $0 $0 $0 

G- 1 



Table G-5 
Fuel Use 

Heat Rate (Btu/kWh) 
Fuel Consumption/Hour (MMBtu/Hr) 
Start up fuel use (MMBtuIStart) 

9,389 
234.7 

0 
No. of annual starts 
Annual Fuel Use (MMBtu) 

Table G-6 
Operational Information 

0 
1,850,572 

Capacity Factor (%) 
Annual Net Energy (GWh) 

Table G-7 
Renewable Tax Benefits 

90 
197 

Invest Tax Credit (%) 
RETC Calculation ($/kWh) 

0 
0 

Table G-8 
Operations & Maintenance Costs (Employees) 

Production Incentive-Investor ($/kWh) 
REPI Tier II Proportion Paid (YO) 

I Employees 

0 
10 

Com pe nsation per 
Em D lovee I EmDlovees Full Time IHoursmearl 

Managers 
Plant Operators 
Mechanics 
Laborers 
S U D D O ~ ~  Staff 

0 1,800 $80,000 per year 
0 1,800 $30 per hour 
0 1,800 $30 per hour 
0 1,800 $20 per hour 
0 1.800 $20 Der hour 



Table G-9 
Operations & Maintenance Costs (Other) 

Financing Costs($/kW-yr) 

Tax (w/Credits) ($/kW-yr) 
Fixed Operational Costs ($/kW-yr) 

Fixed Costs WkW-vrl 

268.0 

0.5 
Overhead MultiDlier 1.6 

599 
41 9 

35 
1.053 

lother ODeratina Costs I I 

Fuel Costs ($/kW-yr) 

Variable Costs ($/kW-yr) 
Variable O&M ($/kW-yr) 

Total Levelized Costs ($/kW-yr) 

Table G-10 
Cost Summary 

378 
21 6 
594 

1,647 

Capital ($/MMh) 
Variable($/MM h) 
Total Levelized Costs ($/MMh) 

133.59 
75.30 

208.88 

Capital Costs 
Instant Cost ($/kW) 4,520 
Installed Cost($kW) 
In-service Cost in 2003 ($/kW) 

G-3 

4,867 
4,964 



Table G-11 
Capital Cost Detail 

Total Capital Cost ($) I 11 3,005,051 
I 

BoilerlHRSG ($) 
Fuel Pipelinerrank ($) 
Slab 8, Engine Mount ($) 
Miscellaneous Fitting & Hoses ($) 
Office Space ($/sq. fi.) 
Control Room ($) 

I Other Infrastructure ($1 I I 

I Acauisition Cost 3 I Laid Preparationl dosts ($/acre) 

L 

E 

G-4 



Table G-12 
Maintenance Cost Detail 

Routine Maintenance Costs 
Filter Replacement Interval (hours) 
Filter Price ($/unit)- 

I Cost Category I Parameter I Cost ($/year) 1 
1 - 

0.00 000  

Unscheduled Maintenance 

- . - Labor - -- Rate -- ($/hour)--- ~ 

Forced Outage (hourdyear) 

Labor Time per event (hours) 

Total Cost 

______ 

Parts Costs ($) 

Total Annual Routine Maintenance 0 

438 
. - -- 48 

438 
0 

21,024 

__ 

Total Annual Maintenance 
Maintenance ($/kW-yr) 
Maintenance ($/MWh) 

6,711 ,I 83 
268.45 
34.05 

G-5 



Table G-13 
Environmental Control Costs 



Appendix H 

Technology Type 
Fuel 

Fuel Cell - Proton Exchange Membrane 

Natural Gas 
Natural Gas 

Table H-I 
Plant Information 

Owner/lnvestor 
Base Year 
In-service Year 

Merchant 
2002 
2005 

Escalation in Capital Costs 
AFUDC Rate 
Cash Cost 

Table H-2 
Plant Size 

0.0% 
10.8% 

100.0% 

Table H-3 
Capital Costs 

Cost (%Near) 
Carry Over 

Years Out from On-Line Date 
0 -1 -2 -3 -4 

100 0 0 0 0 
$131 1 $0 $0 $0 $0 

Table H-4 
Construction Costs by Year 

H- 1 



Table H-5 
Fuel Use 

Invest Tax Credit (%) 
RETC Calculation (kWh) 
Production Incentive-Investor ($/kWh) 
REPI Tier II Proportion Paid (%) 

Table H-7 
Renewable Tax Benefits 

0 
0 
0 
10 

Table H-8 
Operations & Maintenance Costs (Employees) 

H-2 

Table H-6 
Operational information 



Table H-9 
Operations & Maintenance Costs (Other) 

Total Levelized Costs ($MW/h) 

Table H-10 
Cost Summary 

154.22 

Installed Cost ($/kW) 
In-service Cost in 2005 ($/kW) 

1,627 
1,727 

Capital Costs 
Instant Cost f$/kW) I 1.511 

H-3 



Table H-11 
Capital Cost Detail 

Total Capital Cost ($) 1 37,781,221 

H-4 



Table H-12 
Maintenance Cost Detail 

Fuel Filter Price ($/unit) 
Labor (hourdday) 
Labor price ($/hour) 

0.00 0.00 
0.00 

48.00 0.00 

Total Annual Routine Maintenance 

Unscheduled Maintenance 
Forced Outage (hourslyear) 438 

- Labor Rate ~~ ($/houo-_--p-p -- _ _ ~ ~  48 
Labor Time per event (hours) 438 

Total Cost 21,024 
, Parts Costs ($) 0 

Total Annual Maintenance 
Maintenance ($/kW-yr) 
Maintenance ($/MWh) 

6,71 I ,I 83 
268.45 

34.05 

H-5 



Table H-13 
Environmental Control Costs 

Air -Em iss i ons 
Control Technology (e.g., SCR) 
Installation Cost ($/kW) 
Annual Labor (hourslyear) 
Loaded Labor Rate ($/hour) 
Labor Cost ($/year) 
Annual Consumables ($) 
Replacement Cost ($/kW) 
Component Life (hours) 
Annualized Cost ($) 

- 

0 
0 

0 
0 
0 

141,760- 

~- -~ 48 

H-6 



Appendix I 
Fuel Cell - Solid Oxide 

Technology Type 

Table 1-1 
Plant Information 

Natural Gas 
Fuel Natural Gas 

Table 1-2 
Plant Size 

Ownerllnvestor 
Base Year 
In-service Year 

Merchant 
2002 
2004 

IEffective Load Carrv CaDacitv (MWI I 25.0 I 

Gross Capacity (MW) 
Parasitic Load (MW) 
Net Capacity (MW) 
Derate Factor (%) 
Firm Capacity (MW) 
Transmission Losses (%) 
Required Asheserves (%) 
Averaae Hourlv OutDut Rate (%) 

IAnnual caDacitv dearadation rate (%) I 0.0 I 

25.0 
0.0 

25.0 
100.0 
25.0 
0.0 
0.0 

100.0 

Table 1-3 
Capital Costs 

0 -1 

Escalatil 

Cast 

-2 I -3 I -4 

Table 1-4 
Construction Costs by Year 

Cost (%Near) 
Carry Over 

100 0 0 0 0 
$2,000 $0 $0 $0 $0 

I -  1 



Table 1-5 
Fuel Use 

Invest Tax Credit (YO) 
RETC Calculation (WkWh) 
Production Incentive-Investor (q?/kWh) 
REPI Tier II Proportion Paid (%) 

Table 1-6 
Operational Information 

0 
0 
0 
10 

. Table 1-7 
Renewable Tax Benefits 

Table 1-8 
Operations & Maintenance Costs (Employee) 

1-2 



Table 1-9 
Operations & Maintenance Costs (Other) 

Financing Costs ($/kW -yr) 
Fixed Operational Costs ($/kW -yr) 

Table 1-10 
Cost Summary 

270 
188 

Tax (w/Credits) ($/kW -yr) 
Fixed Costs ($/kW -yr) 

16 
474 

Fuel Costs ($/kW -yr) 353 

51.03 

Variable O&M ($/kW -vr) 

I I 

49 

Capital (si ivi vv n I 
Variable ($/MWh) 51.03 
Total Levelized Costs ($/MWh) 111.15 

OU. IL 

Variable Costs ($/kW -yr) 

1-3 

402 
Total Levelized Costs WkW -vr) 876 



Table 1-11 
Capital Cost Detail 

Land Costs ($) 
Acreage/Plant 
Cost ($/acre) 

Total Land Preparation Costs ($) 

Local Building Permits ($) 

Acquisition Cost ($) 
Land Preparation Costs ($/acre) 

Permitting Costs ($) 

otal Capital Cost ($) I 50,007,400 

4 
3 

424,702 
1,194,351 

0 
0 
0 

Environmental Permits ($) 
Air Emission Permits ($) 

interconnection Costs ($) 
- Transmission Lines - - ($1- .- 

Substation ($) 

0 
- 

Environmental Permits ($) 
Air Emission Permits ($) 

interconnection Costs ($) 
- Transmission Lines - - ($1- .- 

Substation ($) 

~ 

0 
- 



Table 1-12 
Maintenance Cost Detail 

I Cost Category 
Routine Maintenance Costs 

Filter Replacement Interval (hours) 
Filter Price ($/unit) 
Oil Change Interval (hours) 
Oil Filter Price ($/unit) 
Oil Price ($/gallon) 
Oil Capacity (gallons) 
Oil Added (gallons/day) 
Fuel Filter Interval (hours) 
Fuel Filter Price ($/unit) 
Labor (hours/day) 
Labor price ($/hour) 

- 

Parameter Cost ($/year) 

~~ - 1 

1 

3.40 

_. 

0.00 0.00 

0.00 0.00. 

0 -  __ - --- 
- 0.00 0.00 
1,000 
0.00 0.00 
0.00 

48.00 0.00 

0.00 

Total Annual Routine Maintenance 0 

Major Overhauls 
Time to Major Overhaul (hours) 
Major Overhaul Labor (man-hours) 

Major Overhaul Labor Cost ($) 
Major Overhaul Parts Cost ($) 

Annual Cost ~ _ _ _  Item - 1 ($) ~- . 

Labor Cost ($/hour) 

NPV Cost ($) 
Minor Overhauls 

Time to Item 1 Job (hours) 

0 
0 

48.00 
0 
0 

10,000,000 ~_ 

23,652 
Annual Cost Item 2 ($) 
Time to Item 2 Job 

0 
55,188 

1-5 

Annualized - ~ - _ -  ~ Overhauls --____ 2,9 79,344 

Unscheduled Maintenance 
Forced Outage (hourslyear) 
Labor Rate($/hour) 
Labor Time per event (hours) 

Total Cost 

___ 

Parts Costs ($) 

438 
48 - 

438 
0 

21,024 

Total Annual Maintenance 

Maintenance ($/MWh) 
Maintenance ($/kW-yr) 

3,000,368 
120.01 
15.22 



Table 1-13 
Environmental Control Costs 

Total Annual Costs ($) 0 

__ .. . _- - _ - - - ~- - 

(Solid Waste Disoosal 
Non-hazardous Material 

Hazardous Mat e ria Is 

1-6 



Appendix J 

Effective Load Carry Capacity (MW) 
Annual capacity degradation rate (%) 

Geothermal Binary 35 M W 

25 
0 

Table J-1 
Plant Information 

0 

Owner/lnvestor 
Base Year 
In-service Year 

-1 -2 I -3 I -4 

Table J-2 
Plant Size 

Cost (%Near) 
Carry Over 

100 
Firm CaDacitv fMW) 

20% 70% 10% 0% 0% 
$3,379 $2,595 $322 $0 $0 

ITransmission Losses f % l  I 2 I 
IReauired AS/reserves fY0) I 0 I 
IAveraae Hourlv OutDut Rate f%) I 100 I 

Table J-3 
Capital Costs 

Table J-4 
Construction Costs by Year 

J- 1 



Table J-5 
Fuel Use 

Heat Rate (MMBtu/kWh) 
Fuel Consumption (MMBtu/Hour) 
Start up fuel use (MMBtuIStart) 

N/A 
0.1 
0 

No. of annual starts 

Table J-6 
Operational information. 

0 

Table J-7 
Renewable Tax Benefits 

Annual Fuel Use (MMbtu) 533 

IREPI Tier II ProDortion Paid (%I I 10 I 

Invest Tax Credit (%) 
RETC Calculation ($/kWH) 
Production Incentive-Investor (oS/kWh) 

Table 5-8 
Operations 8, Maintenance Costs (Employees) 

10 
386 
0 

5-2 



Table J-9 
Operations 81 Maintenance Costs (Other) 

Labor Escalation Cost (%) 

159.0 

Insurance (%) 
0.5 

Overhead MultiDlier 

Table J-10 
Cost Summary 

2.0 

(Financina Costs ($/kW-vr) I 466 I 

Tax (w/Credits) ($/kW-yr) 
IFixed ODerational Costs WkW-vr) I 264 I 

(78) 
Fixed Costs WkW-vr) 

I T. . . . . . , 
s ($/kW-yr) 7 

652 

Total Levelized Costs ($/kW-yr) 

3-3 

659 



Table J-11 
Capital Cost Detail 

Total Capital Cost ($) 1 80,555,463 

J-4 



Cost Category 

J-5 

cost 
($/year, unless 

stated otherwise) 



Table J-13 
Environmental Control Costs 

otal Annual Costs ($1 50,000 

J-6 



Appendix K 

Escalation in Capital Costs 
AFUDC Rate I ' s i  

Cash Cost 

Geothermal Flash 50 M W 

0.0% 
10.8% 

100.0% 

Table K-I 
Plant Information 

Cost (%Near) 
Carry Over 

Geothermal 
Geothermal 

Owner/lnvestor Merchant 
Base Year 
In-service Year 2005 

Table K-2 
Plant Size 

Years Out from On-Line Date 
0 -1 -2 -3 -4 

20 60 20 0 0 
$2,251 $1,731 $427 $0 $0 

K- 1 



Table K-5 
Fuel Use 

Heat Rate (MMBtu/kWh) 
Fuel Consumption (MMBtu/Hour) 
Start up fuel use (MMBtuEtart) 

0 
0 
0 

NO. of annual starts 0 
Annual Fuel Use (MMbtu) 0 

Table K-6 
Operational Information 

Invest Tax Credit (%) 

Production Incentive-Investor (@/kWh) 
REPI Tier II Proportion Paid (%) 

RETC Calculation ($/kWh) 
10 
257 

0 
10 

Table K-8 
Operations & Maintenance Costs (Employees) 

K-2 



Table K-9 
Operations & Maintenance Costs (Other) 

,Insurance (Yo) 1.5 
Labor Escalation Cost (YO) 0.5 
Overhead Multiplier 1.6 
Other Operating Costs 

Make-up water ($) 12,000 
Reservoir management ($) 25,000 

Transmission Service ($) 156,000 
Plant Scheduling Costs 

]Fixed O&M f$/kW-vr) I 60.0 I 

]Fixed ODerational Costs ($/kW-vr) I 119 

lO&M Escalation (YO) I 0.5 I 

Fixed Operational Costs ($/kW-yr) 
Tax (w/Credits) ($/kW-yr) 
Fixed Costs ($/kW-yr) 

119 

385 
(44) 

Table K-10 
Cost Summary 

Tax (w/Credits) ($/kW-yr) 
Fixed Costs ($/kW-yr) 

IFinancina Costs 6lkW-w) I 310 

(44) 
385 

Capital ($/MWh) 
Variable ($/MWh) 
Total Levelized Costs ($/MWh) 

Capital Costs 
Instant Cost ($/kW) 
Installed Cost ($/kW) 
In-service Cost in 2005 ($/kW) 

45.83 
1.26 

47.09 

2,135 
2,423 
2,572 

K-3 



Table K-11 
Capital Cost Detail 

Total Capital Cost ($) I 95,839,694. 

Component Cost ($1 
Exploration costs ($) 
Wellfield Development ($) 
Plant Equipment ($) 

Land Costs I$) ._ 

95,200,000 
3,000,000 

32,200,000~ 
60,000,000 

339,694 
Occupied Acreage 
Total Project Area (acres) 
Lease fee ($/acre) 
Total Land "Cost Burden" ($) 
Land Preparation Costs ($/acre) 
Total Land Preparation Costs ($) 

Trans1 
Substation ($) I 

40 
1,200 

44 
31 5,694 

600 
24,000 

c)nn nnn 

Environmental Controls ($) 
Installation Costs ($) 
Replacement Costs ($) 

K-4 

0 
0 



Table K-12 
Maintenance Cost Detail 

Routine Maintenance Costs 

Plant costs 
Turbine/Generator ($) 
Electronic & Control systems ($) 

Auxiliary systems ($) 
Cooling water chemicals ($) 
Miscellaneous consumables ($) 

Cooling systems ($) 

cost 
($/year, unless 

stated otherwise) 

55,000 
86,000 
12,000 
26,000 
93,000 
50,000 

WellField Costs 
Well clean out ($) 

Miscellaneous ($) 
Brine chemicals_($) 

Annual Routine Maintenance ($) 

Major Overhauls 
Time to Major Overhaul (hours) 
Major Overhaul Labor (man-hours) 

185,000 

35,000 

642,000 

- .- ~ 100,000 

_ _ ~  __ -~ 

25,000 
400 

Labor Cost ($//Hour) 
Major Overhaul ~ ~~ Labor ~ ~ _ _  Cost ($) 
Major Overhaul Replacement ($) 

48 
~ _ _  ~ 19,200 

1,300,000 
NPV cost ($) 

Minor Overhauls 
Well Work Over 6 1  50.000 
Time to Item 1 Job (hours) 
Well Replacement ($) 
Time to Item 2 Job (hours) 

K-5 

6,000 
2,300,000 

25,000 

Annualized Overhauls ($) 760,233 

Unscheduled Maintenance 
Forced Outage HoursNear 
Labor Rate ($/hour) 
Labor time (hours) 
Parts Costs ($) 
Total Cost 

50 
48 
25 

50,000 
51.200 

Total Annual Maintenance ($) _ ~ - - _ _ _ ~ ~ -  

MaintenanceIkW-yr 
Maintenance/M Wh 

-- 1,453,433 
32 
4 



Table K-13 
Environmental Control Costs 

Water Discharge 
Control Technology (e.g., wastewater) 
Installation Cost ($/kW) 
Annual Labor (hours/year) 
Loaded Labor Rate ($) 

Total Annual Costs ($) 1 174,000 

0 
0 

48 
Labor Cost ($) 
Annual Consumables ($) 
Replacement Cost ($/kW) 
Component Life (hours) 

0 
0 
0 
0 

Annualized Cost ($) 

Tons per Year 

-~ _ _ ~  . 

ISolid Waste Disposal 

5,800 
~ 

Collection and Hauling ($/ton) 

Total Costs ($) 
Hazardous Mat e ria Is 

Landfill TBpinSIees ($/ton) 

Tons per Year 
Collection and _~____ Haulingl$/ton) _ _ ~ -  
Landfill Tipping Fees ($/ton) 
Total DisDosal Costs 6) 

_- -_ 

30 
0 

174,0@ 

0 
0 
30 
0 

K-6 



Appendix L 
Hydropower 

Escalation in Capital Costs 
AFUDC Rate 

Table L-1 
Plant Information 

0.0% 
10.8% 

Owned1 nvestor Merchant 
Base Year 
lnservice Year 2007 

Cost (%Near) 
Carry Over 

Table L-2 
Plant Size 

Years Out from On-Line Date 
0 -1 -2 -3 -4 

45% 45% 4% 3% 3y0, 
$1,377 $742 $139 $82 $40 

Table L-3 
Capital Costs 

Table LQ 
Construction Costs by Year 

L- 1 



Table L-5 
Fuel Use 

AvailabilityNear (YO) 
AvailabilityNear (Hours) 
Equipment Life (Hours): 
Equipment Life (Years): 
Overhaul Interval (Hours) 
Maintenance Outage (Days) 

Heat Rate MMBtu/kWh 
Fuel Consum tion MMBtulHour 
Start u fuel use MMBtuIStart 
No. of annual starts 
Annual Fuel Use MMbtu 

42.5 
3,723 

262,800 
30 

8,400 
10 

Table L-6 
Operational Information 

~ 

Maintenance Outage Rate  (YO) 1.4 
Forced Outage (HoursNear) 120 
Forced Outage Rate (YO) I .4 
Hours per Year Operation (Hours) 3,483 
Capacity Factor(%) 39.8 
Annual Net Energy (GWh) 340 

Table L-7 
Renewable Tax Benefits 

Table L-8 
Operations & Maintenance Costs (Employees) 

L-2 



Table L-9 
Operations & Maintenance Costs (Other) 

Fixed O&M ($/kW-yr) 
O&M Escalation (YO) 
Insurance (YO) 
Labor Escalation Cost (%) 
Overhead Multiplier 
Other Operating Costs 

10.0 
0.5 
1.5 
0.5 
1.6 

[ Make-up water ($) 

Capital ($/MWh) 

Total Levelized Costs ($/MWh) 
Variable ($/MWh) 

Reservoir management ($) 

Transmission Service ($) 
Plant Scheduling Costs 

72.02 
0.00 

72.02 

Table L-10 
Cost Summary 

Capital Costs 
Instant Cost ($/kW) 
Installed Cost ($/kW) 
In-service Cost in 2005 ($/kW) 

1,323 
1,483 
1,637 

L-3 



Table L-11 
Capital Cost Detail 

Miscellaneous 

Land Cost ($) 
Acreage/Plant 
cost ($) 
Acquisition Cost ($) 
Land Preparation Costs ($/acre) 
Total Land Preparation Costs ($) 

11,200,000 
1,400 
5,000 

7,000,000 
3,000 

4,200,000 

Local Building Permits ($) 
Environmental Permits ($) 

Interconnection Costs ($) 
-Transmission LineS.($r~- .. .. ~~~~~ .. ~ - 

Substation ($) 
Induction Equipment ($) 

Environmental Controls ($) 
Installation Costs ($) 
Replacement Costs ($) 

5,000,000 
7,000,000 

3,000,000 

0 
C 

- ~~-4!@E!2000 

L-4 



Table L-12 
Maintenance Cost Detail 

Labor (hourdday) 
Labor price ($/hour) 

0.00 
48.00 0.00 

Total Annual Routine Maintenance 

(Maior Overhauls I I I 

0 

Time to Major Overhaul (hours) 
Major Overhaul Labor (man-hours) 
Labor Cost ($/hour) 
Major Overhaul Labor Cost ($) 
Major Overhaul Parts Cost ($) 
NPV Cost 6) 

43,800 
600 

48.00 
28,800 

2,300,000 92,780.83 

L-5 

Minor Overhauls 
Annual Cost item 1 ($)- 

Annual Cost Item 2 ($) 

~ ~ 

Time to Item 1 Job (hours) 

Time to Item 2 Job 

0 
8,760 

0 
0 

~ _ _  _.._ - ~~ ~~ ~ ~ 



Table L-13 
Environmental Control Costs 

Total Annual Costs ($) 29,680 
~~ 

Air Emissions 
Control Technology (e.g., SCR) 
Installation Cost ($/kW) 
Annual Labor (hourslyear) 

Labor Cost ($/year) 
Annual Consumables ($) 
Replacement Cost ($/kW) 

Loaded - LaborRate@hour) 

Component Life (hours) 
Annualized Cost ($) 

0 
0 

48 ~ 

0 
0 
0 

141,760 

- 

Solid-Waste Disposal 
Non-hazardous Material 

L-6 

- -  

I 
Tons per Year 
Collection and Hauling ($/ton) 
Landfill TiPPlngf_eesl$/ton)p ~ __._ ~ 

Total Costs ($) 
Hazardous Materials 
Tons per Year 
Collection and Hauling ($/ton) 
Landfill Tipping Fees ($/ton) 
Total Disposal Costs ($) 

__ ~___-  

0 
10 

- 30 
0 

0 
10 
30 
0 



Appendix M 
Solar Parabolic w/o Thermally- 
Enhanced Storage or Gas 

Technology Type 

Table M-I 
Plant Information 

Solar 
Fuel 
lowner/lnvestor I Merchant1 

None 

Base Year 
Inservice Year 

Table M-2 
Plant Size 

2002 
2003 

Gross Capacity (MW) 
Parasitic Load (MW) 
Net Capacity (MW) 
Derate Factor (%) 
Firm Capacity (MW) 
Transmission Losses (%) 
Rewired AWreserves f%) 

110.0 
10.0 

100.0 
100.0 
100.0 

1.5 
0.0 

/Annual caDacitv dearadation rate f%) I 0.0 I 

Average Hourly Output Rate 

Table M-3 
Capital Costs 

60.0 

IEscalation in CaDital Costs I 0.0% I 

n 

IAFUDC Rate I 10.8% I 

-1 -7 I -3 1 -4 

ICash Cost I 100.0% I 

- - - 
Cost (%Near) 100% 0% 0% 0% 0% 
,Carry Over $2,657 $0 $0 $0 $0. 

M- 1 



Table M-5 
Fuel Use 

Table M-6 
Operational Information 

Table M-7 
Renewable Tax Benefits 

Table M-8 
Operations & Maintenance Costs (Employees) 

M-2 



. . . . . . . . . . . 

,Fixed O&M ($/kW-yr) 26.0 
,O&M Escalation (Yo) 0.5 
Insurance (YO) 1.5 
Labor Escalation Cost (Yo) 0.5 

. - . . . . . . . . . . . . . . 

Overhead Multiplier 
Other Operating Costs 

Table M-9 
Operations & Maintenance Costs (Other) 

1.6 

Capital ($/MWh) 207.39 
Variable ($/MWh) 20.52 
Total Leveiized Costs ($/MWh) 227.91 

Make-up water ($) 
Reservoir management ($) 

Plant Scheduling Costs 
Transmission Service ($) 

Table M-10 
Cost Summary 

M-3 



Total Capital Cost ($) 1 265,693,383 

Component Cost ($1 I 254,212,164 
Structures & Improvements ($) I 2,720,813 

I 
- _ _  _ ~ _ _ _ -  ~- - __ ~ 

Collector System ($) 1 147,795,374 
Thermal Storage System ($) I 0 
Steam Generator System-($)-- - __ _- - __ 1 -  __~1&764,670 
Auxiliary HeatedBoiler ($) I 0 

47,651,991 
I 0 

EPGS ($) 
Master Control System ($) 

27,706,701 
17,572,616 

Balance of Plant ($) 
Engineering, Construction, Project Management ($) ~ 

Land Cost ($) I 6,831,219 

550 
5,000 

Acreage/Plant 
Cost per Acre ($) 
Acquisition Cost ($) 2,750,000 
Land Preparation Costs ($/acre) I 7,420 
Total Land Preparation Costs ($) 4,081,219 

Permitting Costs ($) 150,000 
Local Building Permits ($) 50,000 
Environmental Permits ($) ~ 100,000 

I 4,500,000, 
I 3,500,000 

- Transmission Linesj$) . -~ ~ - 

SubstatiG ($j - 1,000,000 

Environmental Controls ($1 , 0 
Installation Costs ($) 0 

AcreagelM W I 5 

Interconnection Costs ($) 
_ _  ~ 

Induction Equipment ($) 
I 

1 

Replacement Costs ($) 

M-4 



Table M-12 
Maintenance Cost Detail 

Total Annual Routine Maintenance 0 

IAnnualized Overhauls - -. 885,870 

Unscheduled Maintenance 
Forced Outage (hourdyear) 
Labor Rate ($/hour 

Parts Costs (!%\ 
Labor Time per ev;nt.(hours) 

200 
48 

0 
200 

M-5 

Total Cost 9,6001 

Total Annual Maintenance 
Maintenance ($/kW-yr) 
Maintenance ($/MWh) 

895,707 
8.96 
4.65 



Table M-13 
Environmental Control Costs 

M-6 



? 

Gross Capacity (MW) 
Parasitic Load (MW) 
Net Capacity (MW) 
Derate Factor (Yo\ 

\ I  I l l  I ) i . V I  K L p o t l  

Appendix N 
Solar Parabolic 

110.0 
10.0 

100.0 
100.0 

with Gas Only 

Required AS/reserves (%) 0.0 

-Annual capacity degradation rate (YO) 

Average Hourly Output Rate 60.0 
Effective Load Carry Capacity (MW) 59.0 

0.0 

Table N-1 
Plant Information 

Escalation in Capital Costs 

Solar 
Natural Gas 

Owner/lnvestor Merchant 
Base Year 
Inservice Year 

0.0% 

Table N-2 
Plant Size 

0 -1 -2 I -3 I -4 

]Firm CaDacitv IMW) I 100.0 I 

Cost (%Near) 
Carry Over 

ITransmission Losses (YO) I 1.5 I 

I 

100% 0% 0% 0% 0% 
$2,883 $0 $0 $0 $0 

Table N-3 
Capital Costs 

Table N-4 
Construction Costs by Year 

N- 1 



Table N-5 
Fuel Use 

~ 

Invest Tax Credit (YO) 0 

Production Incentive-Investor ($/kWh) 0 
REPI Tier II Proportion Paid (YO) 

RETC Calculation ($/kWh) 31 7 

10 

Table N-6 
Operational Information 

Table N-7 
Renewable Tax Benefits 

Table N-8 
Operations & Maintenance Costs (Employees) 

N-2 



Table N-9 
Operations & Maintenance Costs (Other) 

Fixed O&M ($/kW-yr) 
O&M Escalation (%) 

29.0 
0.5 

Insurance (%) 
Labor Escalation Cost (%) 
Overhead Multiplier 
Other Operating Costs 

Make-up water ($) 
Reservoir management ($) 

Plant Schedulina Costs 
1 Transmission Service 6) I I 

1.5 
0.5 
1.6 

Table N-10 
Cost Summary 

Total Levelized Costs ($/MWh) 

I I I 

149.87 

1 

118.06 I 

Installed Cost ($/kW) 
In-sewice Cost in 2005 ($/kW) 

3,104 
3,166 

1Ca~ita1 Costs I I 
[Instant Cost WkW) I 2.883 I 

N-3 



Table N-11 
Capital Cost Detail 

Land Preparation Costs ($/acre) 6,722 
Total Land Preparation Costs ($) 5,175,716 

Permitting Costs ($) 150,000 
Local Building Permits ($) 50,000 
Environmental Permits ($) 100,000 

I 4,500,000 
~ _ _ ~  _ _  __ ,_  3,500,000 Transmission Lines ($) - 

-Substation-($) --- 1,000,000 

Installation Costs ($) 0 

Interconnection Costs ($) 

Induction Equipment ($) 
E nv i ro n menta I Con t ro Is ($) 0 

Replacement Costs ($) i 

Total Capital Cost ($) ~ 405,377,733 
I 

- _ _  - - ._ 

Component cost ($1 391,702,016 
Structures & Improvements ($) 3,450,478 
Collector System ($) 1 207,425,745 
Thermal Storage System ($) 1 66,593,338 
Steam Generator orHXSystem ($1. ~ - _ _  ~ _ _ _  I - 11,872,762 -__-- 

EPGS 6) 47.651.991 
Auxiliary HeatedBoiler ($) 0 

Master Control System ($) 0 
Balance of Plant ($) 27,706,701 
Engineering, Construction, Project Management ($) I 27,001,001 

, 9,025,716 
- 

Land Cost ($) 
Acreage/MW I 7 
AcreagelPlant I 770 

5,000 
3,850,000 

Cost per Acre ($) 
Acquisition Cost ($) 

N -4 



Table N-12 
Maintenance Cost Detail 

Total Annual Routine Maintenance 

I Cost Category 1 Parameter I Cost ($/year) I 

0 

Major Overhauls 
Time to Major Overhaul (hours) 
Major Overhaul Labor (man-hours) 
Labor Cost ($/hour) 
Major Overhaul Labor Cost ($) 
Major Overhaul Parts Cost ($) 
NPV Cost ($) 

35,000 
125 

48.00 
6,000 

0 997.18 

Minor Overhauls 
Annual cost !tern1 1s) . .._ - - 

Annual Cost Item 2 ($) 
Time to Item 1 Job (hours) 

Time to Item 2 Job 

-~ ~ 925,019 - __ . - - 

6,130 
0 
0 

Unscheduled Maintenance 
Forced Outage (hourslyear) 
Labor Rate __ ($/hour) - 

Labor Time per event (hours) 
Parts Costs ($) 
Total Cost 

N-5 

200 
48 

200 
0 

9,600 

~ 

Total Annual Maintenance 
Maintenance ($/kW-yr) 
Maintenance ($/MWh) 

1 ,I 84,150 
11.84 
3.22 



Table N-13 
Environmental Control Costs 

N-6 



Appendix 0 

Escalation in Capital Costs 0.0% 
AFUDC Rate 10.8% 
Cash Cost 100.0% 

Solar ThermaI=Stirling Dish 

. 

Table 0-1 
Plant Information 

Cost (%Near) 
Carry Over 

Ownerllnvestor 
Base Year 
lnservice Year 

- - - 
100% 0% 0% 0% 0% 
$3,435 $0 $0 $0 $0, 

Table 0-2 
Plant Size 

Table 0-3 
Capital Costs 

Table 0-4 
Construction Costs by Year 

0- 1 



Table 0 - 5  
Fuel Use 

~ 

Heat Rate (MMBtu/kWh) 
Fuel Consumption (MMBtulHour) 
Start up fuel use (MMBtdStart) 

0 
0 
0 

No. of annual starts 

Table 0-6 
Operational Information 

0 

Availa bi IityNea r (%) 
AvailabilityNear (Hours) 
Equipment Life (Hours): 
Equipment Life (Years): 
Overhaul Interval (Hours) 
Maintenance Outage (Days) 
Maintenance Outage Rate (YO) 
Forced Outage (HoursNear) 

i'",'%utage ?y;; (YO) ) (  ) 1 1 Hours er Year 0 eration Hours 3,184 
Ca acit Factor YO 
Annual Net Ener GWh 

40 
3,504 

10,000 
3 

3,000 
5 
1.4 

200 

Table 0-7 
Renewable Tax Benefits 

Invest Tax Credit (YO) 
RETC Calculation ($/kWh) 

0 
377 - 

Production Incentive-Investor ($/kWh) 0 
REP1 Tier II Proportion Paid (%) 10 

0-2 



Table 0-9 
Operations & Maintenance Costs (Other) 

Fixed O&M ($/kW-yr) 
O&M Escalation (YO) 
Insurance (%) 

48.0 
0.5 
1.5 

.Labor Escalation Cost (Yo) 0.5 
Overhead Multiplier 1.6 
Other Operating Costs 

Make-up water ($) 
Reservoir management ($) 

Transmission Service ($) 
Plant Scheduling Costs 

Table 0-10 
Cost Summary 

Capital ($/MWh) 

Total Levelized Costs ($/MWh) 
Variable ($/MWh) 

2osts ($/kW-yr) 0 
I&M ($/kW-yr) 0 

167.35 
0.00 

167.35 

Capital Costs 
Instant Cost ($/kW) 3,435 1 

Installed Cost ($/kW) 
In-service Cost in 2005 ($/kW) 

. 

3,698 
3,772 

0 - 3  



Table 0-11 
Capital Cost Detail 

Total Capital Cost ($) 288,317,006 

0-4 



Table 0-12 
Maintenance Cost Detail 

Cost Category 
Routine Maintenance Costs 

Filter Replacement Interval (hours) 
Filter Price ($/unit) 
Oil Change Interval (hours) 
Oil Filter Price ($/unit) 

0 i I Ca paci ty-lga I Ions) 
Oil Added (gallonslday) 
Fuel Filter Interval (hours) 
Fuel Filter Price ($/unit) 
Labor (hourslday) 
Labor price ($/hour) 

Oil Price ($/gallon) 

Total Annual Routine Maintenance 

Para meter Cost ($/yea r) 

~ 

1 
0.00 0.00 

1 
0.00 0.00 
3.40, 

0 0.00 
0.00 0.00 

1,000 
0.00 0.00 
0.00 
48.00' 0.00 

0 

Unscheduled Maintenance 
Forced Outage (hourslyear) 

Labor Time per event (hours) 
Parts Costs ($) 
Total Cost 

Labor Rate ($/hour) ~- __- 

Total Annual Maintenance 

Maintenance ($/M W h ) 
Maintenance ($/k W-yr) 

0-5 

200' 
L - ~  ~- -2 48 ~ 

200: 
01 

9,6001 
I 
I 1,184,150 

I I .84i 
3.221 



Table 0-13 
Environmental Control Costs 

-- 

Tons per Year 0 
Collection and Hauling ($/ton) 10 

Total Costs ($) 0 

Tons per Year 0 

Total Disposal Costs ($) 0 

Landfill Iip@ng Fees ($/ton)_p- 

Hazardous Materials 

__~p__ 30 

10 
Landfill TippingFees ($/ton) 30 

_ _ _ _  Collection _ _  _p--- and Haulingl$/ton) -~ ~- _ _ _  
p-- 

Total Annual Costs ($) 0 

-- - ._ 

Solid Waste Disposal 
Non-hazardous Material 

0-6 



Appendix P 
Solar Parabolic w/ Thermally-Enhanced 

Escalation in Capital Costs 
AFUDC Rate 
Cash Cost 

Storage Only 

0.0% 
10.8% 

100.0% 

Table P-1 
Plant Information 

0 

Ownerllnvestor Merchant 
Base Year 
lnservice Year 

-1 -2 I -3 I -4 

Table P-2 
Plant Size 

Cost (%Near) 
Carry Over 

Table P-3 
Capital Costs 

100% 0% 0% 0% 0% 
$4,054 $0 $0 $0 $0 

Table P-4 
Construction Costs by Year 

P- 1 



Table P-5 
Fuel Use 

1,800 
1,800 
1,800 

No. of annual starts 346 
0 

Employee 
$80,000 per year 

$30 per hour 
$30 per hour 

Table P-6 
Operational Information 

- 
- 

Table P-7 
Renewable Tax Benefits 

~ 

1,800- 
1,800 

llnvest Tax Credit I 0 1  

$20 per hour 
$20 per hour 

IRETC Calculation WkWh) I 445 I 
IProduction Incentive-Investor (d/kWh) I 0 1  

Table P-8 
Operations & Maintenance Costs (Employees) 

I Employees 

Mechanics 

Full Time 
Employees 

I 
10 

Vasr /Compensation per1 

P-2 



Table P-9 
Operations & Maintenance Costs (Other) 

Financing Costs ($/kW-yr) 

Tax (w/Credits) ($/kW-yr) 
Fixed Operational Costs ($/kW-yr) 

Fixed Costs ($/kW-yr) 

Table P-10 
Cost Summary 

562 
111 
(76) 
597 

Fuel Costs ($/kW-yr) 
Variable O&M WkW-vr) 

0 
75 

Variable Costs ($/kW-yr) 
Total Leveked Costs ($/kW-yr) 

I ($/MWh) 
le ($/MWh) 

_ _ _ _ I t - - - l  m--A._ I @ I & A \ A I L \  

75 
672 

162.21 
20.52 

~ n n  ..)- 

P-3 

Capita 
Variabl 



Table P-11 
Capital Cost Detail 

a 

P-4 



, 

Filter Replacement Interval (hours) 
Filter Price ($/unit) 
Oil Change Interval (hours) 
Oil Filter Price ($/unit) 

Table P-12 
Maintenance Cost Detail 

1 '  - 

0.00' 0.00 
1 

0.00 0.00 

Cost Category j Parameter Cost ($/year) 
Routine Maintenance Costs 

Oil Price ($/gallon) 
Oil Capacity (gallons) 
Oil Added (gallonslday) 
Fuel Filter Interval (hours) 
Fuel Filter Price ($/unit) 

3.40 
0 ._  0.00 

0.00 0.00 

0.00 0.00 
1,000 

Labor (hourdday) 
Labor price ($/hour) 

0.001 
48.00' 0.00 

Total Annual Routine Maintenance 0 

Major Overhauls 
Time to Major Overhaul (hours) 
Major Overhaul Labor (man-hours) 
Labor Cost ($/hour) 

3,000, 
36 

48.00 
Major Overhaul Labor Cost ($) 

NPV Cost ($) 
Major Overhaul Parts Cost ($) 

Annual Cost Item- l-J§) 

Annual Cost Item 2 ($) 

Minor Overhauls 

Time to Item 1 Job (hours) 

Time to Item 2 Job 

Annualized - ~ Overhauls - 

1,728 
0 5,473 

484,000 
3,184 

0' 
0; 

- ~~ ~ __ _ _  ~- 

I 476,256 
I ~ _ _ - t -  _ _ ~ ~ -  

P-5 

Unscheduled Maintenance i 

Labor Ratel$/hour)--- ___  
Labor Time per event (hours) 
Parts Costs ($) 
Total Cost 

- 48 j 
2001 

Oi 
9,600; 

I 

Total Annual Maintenance 
Maintenance ($/kW-yr) 
Maintenance ($/MWh) 

I 

~ 491,329 
16.381 
5.141 



, Table P-13 
Environmental Control Costs 

Tons per Year 
Collection and Haulingl$/tonJ 

Total Disposal Costs ($) 

____ ~ -- 

Landfill Tipping Fees ($/ton) 

U 
10 
30 
0 

P-6 



Appendix Q 
Wind Farm 

Gross Capacity (MW) 
Parasitic Load (MW) 
Net Capacity (MW) 
Derate Factor (%) 

Table Q-I 
Plant Information 

100.0 
0.1 

100.0 
40.0 

Wind 

Owner/lnvestor Merchant 
Base Year 
Inservice Year 

Firm Capacity (MW) 
Transmission Losses (%) 
Required AWeserves (YO) 
Average Hourly Output Rate 
Effective Load Carry Capacity (MW) 
Annual capacity degradation rate (YO) 

Table Q-2 
Plant Size 

40.0 
5.0 
7.0 
66.0 
58.0 
0.1 

Escalation in Capital Costs 
AFUDC Rate 

0.0% 
10.8% 

Table Q-3 
Capital Costs 

-. 0 -1 -2 I -3 I -4 

k a s h  Cost I 100.00, 

Cost (%Near) 
Carry Over 

Table Q-4 
Construction Costs by Year 

- - - 
100% 0% 0% 0% 0% 
$983 $0 $0 $0 $0~ 



Table Q-5 
Fuel Use 

Invest Tax Credit (YO) 
RETC Calculation ($/kWh) 

REPI Tier II Proportion Paid (YO) 
Production Incentive-Investor ($/kWh) 

Table Q-6 
Operational Information 

0 
0 

1,695 
10 

Table Q-8 
Operations & Maintenance Costs (Employees) 



Table Q-9 
Operations & Maintenance Costs (Other) 

Financing Costs ($/kW-yr) 
Fixed Operational Costs ($/kW-yr) 
Tax (w/Credits) ($/kW-yr) 
Fixed Costs ($/kW-yr) 

Table (2-10 
Cost Summary 

139 
$4 
(12) 
191 

AJSLS ($/kW-yr) 0 

Variable Costs ($/kW-yr) 
Total Levelized Costs f!%/kW-vr\ --- ,~ .... . ,. , .-. I 

I 1 
0 

191 

Capital ($/MWh) 
Variable ($/MWh) 
Total Levelized Costs ($/MWh) 

Capital Costs 
Instant Cost ($/kW) 
Installed Cost ($/kW) 
In-service Cost in 2005 ($/kW) 

4-3 

54.36 
0.00 
54.37 

983 
1,059 
1,101 



Table (2-11 
Capital Cost Detail 

Interconnection Costs ($) 
Component Cost 

Total Capital Cost ($) 98,232,365 

0 
82,899,O0OA 



Table Q-12 
Maintenance Cost Detail 

Routine Maintenance Costs 
Maintenance ($) 
Independent Engineer ( $ )  
Electricity Usage ($) 
Transmission Service ($) 

Annual Routine Maintenance ($) 

I Cost Category 1 Parameter 1 Cost ($/year) 

- - -~ 1,260,430 
81,065.00 

41,840 
156,000.00 

~ ~ .~ 1,539,335 

Unscheduled Maintenance - .  

Forced Outage (hourslyear) 
Labor Rate ($/hour) 
Labor time (hours) 
Parts Costs ($) 

~ TotalCost 

Total Annual Maintenance ($) 
Maintenance/kW-yr ($) 
Mai ntenance/M W h ($) 

700 
48 

350 
707,200 

~ 724,000 ~ _ . ~ _ _ _ _ _ _  

2,556,031 
25.59 
7.27 

Q-5 



Table (2-13 
Environmental Control Costs 

rota1 Annual Costs ($) 

4ir Emissions 
- ._ _ _  

Control Technology (e.g., SCR) 
Installation Cost ($/kW) 
Annual Labor (hourslyear) 
Loaded-Labor Rate ($/hour) 

Annual Consumables ($) 
Replacement Cost ($/kW) 

_ _  
Labor Cost ($/year) 

Component Life (hours) 
Annualized Cost ($) 

60 
- 

0 
0 

40 
0 
0 
0 

141,760 

_ _  _ 
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